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DESCRIPTION 
ZOOM LENS AND IMAGING APPARATUS 

Technical Field 

The present invention relates to a novel zoom lens and 
a novel imaging apparatus. In particular, the present 
invention relates to a zoom lens with a long back focus 
appropriate for 3CCD imaging system, which is used for a 
video camera, digital still camera, or the like, and to an 
imaging apparatus provided with the zoom lens. 
Background Art 

Conventionally, there has been known, as a recording 
means for a camera, a recording method which includes 
forming on a surface of an imager an object image by the 
imager using a photoelectric converter such as a CCD (Charge 
Coupled Device) or CMOS (Complementary Metal-Oxide 
Semiconductor) , and converting an amount of light of the 
object image into electric output by the photoelectric 
converter . 

According to technological progress on fine processing 
technology in recent years, a Central Processing Unit (CPU) 
has been speeded up and a recording medium has been highly 
integrated, so that an extra-large volume of image data, 
which could not be handled before, can be processed at high 
speed. In addition, a light-receiving element has been also 
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highly integrated and reduced in size. The high integration 
allows higher spacial frequency to be recorded, and the 
reduction in size allows downsizing of the whole camera. 

However, the high integration and reduction in size 
reduces a light reception area of the photoelectric 
converter. Accordingly, influence of noise may be increased 
caused by decrease in the electric output. To avoid this, 
there has been attempted that the amount of light reaching 
the light-receiving element is increased by increasing an 
aperture ratio of an optical system, or that an extra-small 
lens element (i.e., micro-lens array) is disposed in front 
of the element. The micro-lens array guides light beam 
incident on a gap between the adjacent elements onto the 
element, however, it restricts the position of an exit pupil 
of the lens system. ' In particular, when the position of the 
exit pupil of the lens system comes close to the light- 
receiving element, an angle formed by chief ray reaching the 
light-receiving element and by the optical axis is increased, 
and consequently, an angle formed by off-axis light beam 
heading to the periphery of a screen and by the optical axis 
is more increased. Accordingly, the off-axis light beam 
would not reach the light-receiving element, thereby 
providing an insufficient amount of light. 

There is known, for instance, a positive-negative- 
positive-positive four-group zoom lens as the zoom lens 
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appropriate for the video camera, digital still camera, or 
the like, which records the object image by the above- 
mentioned photoelectric converter. 

The positive-negative-positive-positive four-group zoom 
lens includes a first lens group having a positive 
refractive power, a second lens group having a negative 
refractive power, a third lens group having a positive 
refractive power, and a fourth lens group having a positive 
refractive power, sequentially arranged from an object side. 
When a positional state of the lenses is varied from a wide- 
angle-end state to a telephoto-end state, the first lens 
group and the third lens group are fixed along the optical 
axis, the second lens group is moved to an image side for 
varying magnification, and the fourth lens group is moved 
for compensating a variation in a position of an image plane 
caused by the movement of the second lens group. 

For instance, there have been known zoom lenses 
disclosed in Japanese Unexamined Patent Application 
Publication Nos . 6-337353 and 2002-365544. 

However, according to the above-mentioned conventional 
zoom lens, when a zoom ratio (= focal length in the 
telephoto-end state/focal length in the wide-angle-end 
state) is increased, an amount of the movement of the second 
lens group is increased. Consequently, the off-axis light 
beam passing through the first lens group comes away from 



- 4 - 

S06P0241 

the optical axis, and lens diameters of the first lens group 
may be increased. 

Particularly in the conventional positive-negative- 
positive-positive four-group zoom lens, the amount of the 
movement of the second lens group for magnification-varying 
operation is increased in order to increase the zoom ratio. 
Therefore the off-axis light beam passing through the first 
lens group likely comes away from the optical axis, thus 
being difficult to achieve both the reduction in lens 
diameters and the high variable magnification. 

To solve the above-described problems, the present 
invention provides a zoom lens having a high zoom ratio and 
easily allowing lens diameters to be reduced, and an imaging 
apparatus provided with the zoom lens. 
Disclosure of Invention 

To solve the above-described problems, a zoom lens 
according to the present invention includes: four lens 
groups including a first lens group having a positive 
refractive power, a second lens group having a negative 
refractive power, a third lens group having a positive 
refractive power, and a fourth lens group having a positive 
refractive power, sequentially arranged from an object side, 
in which when a positional state of lenses is varied from a 
wide-angle-end state to a telephoto-end state, the second 
lens group is moved to an image side, the fourth lens group 
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is moved for compensating a variation in a position of an 
image plane caused by the movement of the second lens group, 
and the first lens group and the third lens group are fixed 
along the optical axis; and an aperture stop disposed at the 
object side of the third lens group, in which the third lens 
group includes a negative sub-lens group having a negative 
refractive power, and a positive sub-lens group disposed at 
the image side of the negative sub-lens group with an 
airspace interposed therebetween, the positive sub-lens 
group having a positive refractive power, and 

the following conditional expression (1) is satisfied: 

(1) 0.4 < Da/TL < 0.5 

where Da is a distance between the aperture stop and 
the image plane, and TL is an overall optical length 
(distance between a lens surface at the most object side in 
a lens system and the position of the image plane, along the 
optical axis ) . 

In addition, an imaging apparatus according to the 
present invention includes: a zoom lens; and an imager which 
converts an optical image formed by using the zoom lens into 
electric signals, in which the zoom lens includes: four lens 
groups including a first lens group having a positive 
refractive power, a second lens group having a negative 
refractive power, a third lens group having a positive 
refractive power, and a fourth lens group having a positive 
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refractive power, sequentially arranged from an object side, 
in which when a positional state of lenses is varied from a 
wide-angle-end state to a telephoto-end state, the second 
lens group is moved to an image side, the fourth lens group 
is moved for compensating a variation in a position of an 
image plane caused by the movement of the second lens group, 
and the first lens group and the third lens group are fixed 
along the optical axis; and an aperture stop disposed at the 
object side of the third lens group, the third lens group 
includes a negative sub-lens group having a negative 
refractive power, and a positive sub-lens group disposed at 
the image side of the negative sub-lens group with an 
airspace interposed therebetween, the positive sub-lens 
group having a positive refractive power, and the following 
conditional expression (1) is satisfied: 
(1) 0.4 < Da/TL < 0.5 

where Da is a distance between the aperture stop and 
the image plane, and TL is an overall optical length 
(distance between a lens surface at the most object side in 
a lens system and the position of the image plane, along the 
optical axis) . 

Therefore, the zoom lens according to the present 
invention can provide both reduction in lens diameters and 
high optical performance while achieving a high variable 
magnification ratio. In addition, the imaging apparatus 
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according to the present invention can be small, and takes 
an image at a high image quality with the high variable 
magnification ratio by having the above-described zoom lens 
according to the present invention. 

According to inventions disclosed in Claims 2 and 9, a 
conditional expression (2) 13 < |f3n|/fw < 18 is satisfied, 
where f3n is a focal length of the negative sub-lens group 
disposed in the third lens group, and fw is a focal length 
of the whole lens system in the wide-angle-end state. 
Therefore, more reduction in size can be achieved, and an 
assembly error or the like in manufacturing less affects 
optical quality. 

According to inventions disclosed in Claims 3 and 10, 
the first lens group includes four lenses including cemented 
lenses of a negative lens and a positive lens, a positive 
lens, and a positive lens, sequentially arranged from the 
object side. Therefore, higher optical performance can be 
achieved. 

According to inventions disclosed in Claims 4 and 11, a 
conditional expression (3) 2.5 < f 1/ (fw f t ) 1/2 < 3.5 is 
satisfied, where fl is a focal length of the first lens 
group, and ft is a focal length of the whole lens system in 
the telephoto-end state. Therefore, more reliable optical 
performance can be provided in addition to the high variable 
magnification ratio . 
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According to inventions disclosed in Claims 5 and 12 , 
the second lens group includes four lenses including a 
meniscus negative lens with a concave thereof facing the 
image side, a negative lens, a positive lens, and a negative 
lens, sequentially arranged from the object side. Therefore, 
aberrations generated at the second lens group can be more 
reliably corrected, thereby providing higher optical 
performance . 

According to inventions disclosed in Claims 6 and 13, a 
conditional expression (4) 0.42 < | f 2 | / ( f w • f t ) 1/2 < 0.5 is 
satisfied, where f2 is a focal length of the second lens 
group. Therefore, variation in off-axis aberration caused 
by the magnification-varying operation can be more reliably 
corrected. 

According to inventions disclosed in Claims 7 and 14, 
the fourth lens group includes three lenses including a 
positive lens, a negative lens, and a positive lens, 
sequentially arranged from the object side. Therefore, the 
variation in aberrations caused by variation in a position 
of the object can be reliably corrected. 
Brief Description of the Drawings 

Fig. 1 is a diagram showing an arrangement of 
refractive powers and showing whether each lens group is 
movable or not in a magnification-varying operation in a 
zoom lens according to the present invention. 
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Fig. 2 is an illustration showing a lens configuration 
of a zoom lens according to a first embodiment of the 
present invention - 

Figs. 3, 4 and 5 are aberration diagrams of Numerical 
Example 1 in which specific numerical values are applied to 
the zoom lens according to the first embodiment of the 
present invention, Fig. 3 showing spherical aberration, 
astigmatism, distortion, and coma in a wide-angle-end state. 

Fig. 4 shows the spherical aberration, astigmatism, 
distortion, and coma in a midpoint-focus state. 

Fig. 5 shows the spherical aberration, astigmatism, 
distortion, and coma in a telephoto-end state. 

Fig. 6 is an illustration showing a lens configuration 
of a zoom lens according to a second embodiment of the 
present invention . 

Figs. 7, 8 and 9 are aberration diagrams of Numerical 
Example 2 in which specific numerical values are applied to 
the zoom lens according to the second embodiment of the 
present invention, Fig. 7 showing the spherical aberration, 
astigmatism, distortion, and coma in the wide-angle-end 
state . 

Fig. 8 shows the spherical aberration, astigmatism, 
distortion, and coma in the midpoint-focus state. 

Fig. 9 shows the spherical aberration, astigmatism, 
distortion, and coma in the telephoto-end state. 
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Fig. 10 is an illustration showing a lens configuration 
of a zoom lens according to a third embodiment of the 
present invention . 

Figs. 11, 12 and 13 are aberration diagrams of 
Numerical Example 3 in which specific numerical values are 
applied to the zoom lens according to the third embodiment 
of the present invention, Fig. 11 showing the spherical 
aberration, astigmatism, distortion, and coma in the wide- 
angle-end state . 

Fig. 12 shows the spherical aberration, astigmatism, 
distortion, and coma in the midpoint-focus state. 

Fig. 13 shows the spherical aberration, astigmatism, 
distortion, and coma in the telephoto-end state. 

Fig. 14 is a block diagram showing an embodiment of an 
imaging apparatus according to the present invention. 
Best Mode for Carrying Out the Invention 

Now, the best mode for implementing a zoom lens and an 
imaging apparatus according to the present invention will be 
described below with reference to the attached drawings. 

The zoom lens according to the present invention 
includes a first lens group having a positive refractive 
power, a second lens group having a negative refractive 
power, a third lens group having a positive refractive power, 
and a fourth lens group having a positive refractive power, 
sequentially arranged from an object side. When a 
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positional state of lenses is varied from a wide-angle-end 
state where a focal length of the whole lens system is the 
shortest to a telephoto-end state where the focal length is 
the longest, the first and third lens groups are fixed along 
the optical axis, while the second lens group is moved to an 
image side for magnification-varying operation and the 
fourth lens group is moved for compensating a position of an 
image plane corresponding to the movement of the second lens 
group and for focusing at a short distance. 

On the basis of the above-described configuration, the 
zoom lens according to the present invention can provide 
both reduction in lens diameters, and high optical 
performance, while providing a high variable magnification 
ratio, as long as the zoom lens includes the following 
configuration . 

To provide the reduction in the lens diameters of the 
first lens group and the high optical performance, the zoom 
lens according to the present invention is so configured 
that : 

(A) an aperture stop is disposed at the object side of 
the third lens group, and 

(B) the third lens group includes a negative sub-lens 
group and a positive sub-lens group disposed at the image 
side of the negative sub-lens group. 

The position of the aperture stop is extremely 
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important for providing both the high optical performance 
and the reduction in size in a well balanced manner. 

Since off-axis light beam passing through the lens 
groups distant from the aperture stop comes away from the 
optical axis, the lens diameters of the lens groups can be 
the most easily reduced if the aperture stop is disposed 
near the center of the lens system. In particular, since 
the first lens group is the most far from the position of 
the image plane, the lens diameters are likely increased. 
Therefore, it is preferable that the aperture stop is 
disposed slightly at the object side of the center of the 
lens system. 

In addition, a height of the off-axis light beam 
passing through the movable lens groups are varied largely 
when the positional state of the lenses is varied. 
Therefore, the variation in the height of the light beam can 
be utilized for reliably correcting variation in off-axis 
aberration which is generated when the positional state of 
the lenses is varied. In particular, the aberration can be 
more reliably corrected if at least one movable lens group 
is disposed at each position at the object side and the 
image side of the aperture stop. 

With the above-described configuration, the present 
invention can reduce the lens diameters of the first lens 
group, which may be likely increased, and can provide the 
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high optical performance by disposing the aperture stop at 
the object side of the third lens group. 

Incidentally, according to the present invention, a 
stop mechanism can be fixed along the optical axis by fixing 
the position of the aperture stop along the optical axis. 
Therefore a structure of a lens barrel can be simplified. 

In the zoom lens according to the present invention, 
since the zoom lens may not be reduced in size sufficiently 
merely by reducing the lens diameters due to improving the 
disposition of the aperture stop, the zoom lens is further 
reduced in size by improving the lens configuration of the 
third lens group. 

Heretofore, in an optical system that receives light of 
an object image by a photoelectric converter, the position 
of an exit pupil is set at almost infinity. Even in the 
case of the zoom lens according to the present invention, 
the position of the exit pupil comes away from the position 
of the image plane, so that the chief ray reaches the 
position of the image plane in a manner nearly parallel to 
the optical axis. 

The longer the distance between the aperture stop and 
the position of the image plane is, the more the refractive 
power of the lens group disposed at the image side of the 
aperture stop is reduced. This can decrease an angle formed 
by the chief ray and the optical axis. When the angle 
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formed by the chief ray and the optical axis is decreased as 
described above, the off-axis light beam incident on the 
first lens group comes close to the optical axis, and the 
first lens group can be reduced in size accordingly. 

However, the distance between the aperture stop and the 
position of the image plane is increased more, the more the 
position of the aperture stop comes close to the object side, 
thereby reducing a space for the movement of the second lens 
group in the magnification-varying operation. Thus, the 
refractive powers of the first and second lens groups are 
required to be increased in order to provide a predetermined 
variable magnification ratio. Owing to this, it is not 
possible to restrict the variation in the off-axis 
aberration generated when the positional state of the lenses 
is varied, thereby not providing high optical performance 
sufficiently. 

In the light of the above-described problems, the zoom 
lens according to the present invention is so configured 
that the third lens group includes a negative sub-lens group 
disposed at the object side and a positive sub-lens group 
disposed at the image side, so that the angle formed by the 
chief ray and the optical axis can be decreased without 
increasing the distance between the aperture stop and the 
position of the image plane, and the lens diameters of the 
first lens group can be reduced. 
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In addition to the above-described configuration, the 
zoom lens according to the present invention is required to 
satisfy the following conditional expression (1): 

(1) 0.4 < Da/TL < 0.5 

where Da is a distance between the aperture stop and 
the image plane, and TL is an overall optical length 
(distance between a lens surface at the most object side in 
the lens system and the position of the image plane, along 
the optical axis) . 

The above-stated conditional expression (1) specifies 
the disposition of the aperture stop in the zoom lens 
according to the present invention. 

When the value is above the upper limit of the 
conditional expression (1) (i.e., the position of the 
aperture stop comes close to the object side) , the 
refractive powers of the first and second lens groups are 
increased. Therefore, it may be difficult to reliably 
correct the variation in the off-axis aberration generated 
when the positional state of the lenses is varied. 

On the other hand, when the value is below the lower 
limit of the conditional expression (1) (i.e., the position 
of the aperture stop comes close to the image side) , the 
off-axis light beam passing through the first lens group 
comes away from the optical axis since the position of the 
aperture stop comes close to the image side. Therefore, the 
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lens diameters may not be reduced sufficiently. 

The zoom lens according to the present invention is 
configured that the third lens group includes the negative 
sub-lens group and the positive sub-lens group as described 
above, and in addition to this, in order to provide stable 
optical quality without being influenced by more reduction 
in size, an assembly error in manufacturing, and the like, 
it is preferable to satisfy the following conditional 
expression (2) : 

(2) 13 < | f3n| /fw < 18 

where f3n is a focal length of the negative sub-lens 
group disposed in the third lens group, and fw is a focal 
length in the whole lens system in the wide-angle-end state. 

The above-stated conditional expression (2) specifies 
the refractive power of the negative sub-lens group disposed 
in the third lens group. 

When the value is above the upper limit of the 
conditional expression (2), the angle formed by the chief 
ray and the optical axis is increased. As a result, the 
off-axis light beam passing through the first lens group 
comes away from the optical axis. Therefore, the lens 
diameters may not be reduced sufficiently. 

When the value is below the lower limit of the 
conditional expression (2), the optical performance may be 
considerably deteriorated even when a slight eccentricity is 
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generated between the negative sub-lens group and the 
positive sub-lens group of the third lens group in 
manufacturing. Therefore, it may be difficult to provide 
the stable optical quality. 

In order to provide higher optical performance, the 
zoom lens according to the present invention is preferably 
configured that the first lens group includes four lenses 
including cemented lenses of a negative lens and a positive 
lens, and two positive lenses, sequentially arranged from 
the object side . 

Since on-axis light beam impinges on the first lens 
group with a wide diameter particularly in the telephoto-end 
state, negative spherical aberration is likely generated. 
In addition, since the incident off-axis light beam comes 
away from the optical axis, the off-axis aberration is 
likely generated. 

In the zoom lens according to the present invention, 
the negative spherical aberration and the on-axis chromatic 
aberration can be reliably corrected by disposing the 
cemented lenses of the negative lens and the positive lens 
at the most object side in the first lens group. While a 
conventional pos it ive-negative-positive -positive four-group 
zoom lens is so configured that the first lens group 
includes cemented lenses and a positive lens at the image 
side of the cemented lenses, the zoom lens according to the 
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present invention has two positive lenses disposed at the 
image side of the cemented lenses. Therefore, the negative 
spherical aberration is not generated in the telephoto-end 
state while providing the high variable magnification ratio, 
and variation in coma caused by variation in an angle of 
view can be reliably corrected, thereby providing higher 
optical performance . 

In order to provide more preferable optical performance 
in addition to the high variable magnification ratio, the 
zoom lens according to the present invention is preferable 
to satisfy the following conditional expression (3) : 

(3) 2.5 < fl/ (fw-ft) 1 ' 2 < 3.5 

where fl is a focal length of the first lens group, and 
ft is a focal length in the whole lens system in the 
telephoto-end state . 

The above-stated conditional expression (3) specifies a 
focal length of the first lens group. 

The value above the upper limit of the conditional 
expression (3) is not preferable since the overall optical 
length is increased excessively. 

When the value is below the lower limit of the 
conditional expression (3), the coma generated at the 
periphery of a screen in the telephoto-end state may not be 
corrected reliably. Therefore, the higher optical 
performance may not be provided sufficiently. 
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In the zoom lens according to the present invention, in 
order to more reliably correct the aberrations generated at 
the second lens group and to provide higher optical 
performance, it is preferable that the second lens group 
includes four lenses including a meniscus positive lens with 
a concave thereof facing the image side, a negative lens, a 
positive lens, and a negative lens, sequentially arranged 
from the object side. 

Since the second lens group varies the magnification, 
it is important to reliably correct the aberrations 
generated at the second lens group for providing higher 
optical performance. In the present invention, the meniscus 
negative lens with the concave thereof facing the image side 
and disposed at the most object side in the second lens 
group corrects the variation in the coma caused by the 
variation in the angle of view in the wide-angle-end state, 
and the triplet lenses disposed at the image side of the 
meniscus negative lens reliably corrects the on-axis 
aberration. Therefore, the corrections of the aberrations 
can be clearly divided into those lenses to provide 
preferable focusing performance. 

Incidentally, in the zoom lens according to the present 
invention, since there is serious deterioration in the 
optical performance due to the eccentricity between the 
positive lens and the negative lens disposed at the image 
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side of the positive lens, the lenses are cemented. 
Accordingly, the eccentricity between the two lenses is 
unlikely generated in manufacturing, thereby providing the 
stable optical quality. 

In the zoom lens according to the present invention, 
since only the second lens group is the negative lens group, 
it is important that the refractive power of the second lens 
group is appropriately set in order to more reliably correct 
the variation in the off-axis aberration caused by the 
magnification-varying operation, and it is preferable to 
satisfy the following conditional expression (4): 

(4) 0.42 < |f2|/(fw-ft) 1 / 2 < 0.5 

where f2 is a focal length of the second lens group. 

The above-stated conditional expression (4) specifies a 
focal length of the second lens group. 

When the value is above the upper limit of the 
conditional expression (4), the off-axis light beam passing 
through the second lens group further comes away from the 
optical axis. As a result, it may be difficult to reliably 
correct the coma generated at the periphery of the screen in 
the wide-angle-end state. 

When the value is below the lower limit of the 
conditional expression (4), it may be difficult to reliably 
correct the variation in the off-axis aberration generated 
when the positional state of the lenses is varied. 
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In the zoom lens according to the present invention, it 
is preferable that the fourth lens group includes a positive 
lens with a convex thereof facing the object side, a 
negative lens with a concave thereof facing the image side, 
and a positive lens with a convex thereof facing the object 
side, the lenses being sequentially arranged from the object 
side, in order to reliably correct the aberrations caused by 
the variation in the position of the object. 

The triplet configuration allows the off-axis 
aberration and on-axis aberration to be corrected together, 
thereby reliably correcting the variation in the aberrations 
generated when the position of the object is varied. 

Note that in the zoom lens according to the present 
invention, a glass member having high extraordinary 
dispersion is preferably used in the first lens group to 
prevent the generation of chromatic aberration more reliably. 
In particular, secondary dispersion generated at the center 
of the screen in the telephoto-end state can be reliably 
corrected by forming the positive lens of the cemented 
lenses, out of the lenses constituting the first lens group, 
with a glass member having the high extraordinary dispersion. 

In addition, it is possible to reliably correct 
chromatic aberration of magnification generated at the 
periphery of the screen in the telephoto-end state by 
forming one of the two positive lenses disposed at the image 
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side in the first lens group with a glass member having low 
dispersion with the Abbe number thereof being above 65. If 
both the two positive lenses employ the glass member having 
the low dispersion, the chromatic aberration of 
magnification can be more reliably corrected. 

In the zoom lens according to the present invention, an 
image can be shifted by shifting one of lens groups of the 
lens system or a part of the lenses of the single lens group 
in a direction substantially perpendicular to the optical 
axis. In particular, when one of the negative sub-lens 
group and the positive sub-lens group of the third lens 
group is shifted in the direction substantially 
perpendicular to the optical axis, the image can be shifted 
with the least deterioration in the optical performance. 
When a detecting system for detecting vibration of a camera, 
a drive system for shifting the above-described lens group, 
and a control system for providing a shift amount according 
to the output of the detecting system are combined together, 
the combination can be served as a vibration-proof optical 
system. 

In the zoom lens according to the present invention, 
higher optical performance can be achieved by using an 
aspherical lens. In particular, higher optical performance 
can be achieved in terms of center performance by employing 
the aspherical surface in the final lens group. In addition, 
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the variation in the coma due to the angle of view generated 
in the wide-angle-end state can be reliably corrected by 
using the aspherical lens in the second lens group. 

Further, it is obvious that the high optical 
performance can be provided by employing a plurality of 
aspherical surfaces in the single optical system. 

In addition, it is also obvious that a low pass filter 
can be disposed for preventing generation of moire fringes 
at the image side in the lens system, and an infrared cut- 
off filter can be disposed in accordance with spectral 
sensitivity characteristics of a light-receiving element. 

In addition, a prism having a dichroic mirror may be 
disposed at the image side of the optical system, so that 
the light beam is divided into three RGB colors to be used 
for a three-imager imaging optical system that receives 
light by three imagers (light-receiving elements) . 

Now, embodiments, and numerical examples in which 
specific numerical values are applied to the embodiments of 
the zoom lens according to the present invention, will be 
described below. 

Note that, while the aspherical surface is used in each 
embodiment, the shape of the aspherical surface is 
represented by Equation 1 as follows: 
[Equation 1] 

X = cy 2 /(l + (1 - (1 + k) c 2 y 2 ) 1/2 ) + Ay 4 + By 6 + ... 
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where y is a height from the optical axis, x is an 
amount of sag, c is a curvature, k is a conic constant, and 
A, B, ... is an aspherical coefficient. 

Fig. 1 shows distribution of the refractive powers of 
each embodiment of the zoom lens according to the present 
invention. There are disposed a first lens group Gl having 
a positive refractive power, a second lens group G2 having a 
negative refractive power, a third lens group G3 having a 
positive refractive power, and a fourth lens group G4 having 
a positive refractive power, sequentially arranged from the 
object side. In magnification varying from the wide-angle- 
end state to the telephoto-end state, the second lens group 
G2 is moved to the image side so that an airspace between 
the first lens group Gl and the second lens group G2 is 
increased and an airspace between the second lens group G2 
and the third lens group G3 is decreased. At this time, the 
first lens group Gl and the third lens group G3 are fixed, 
while the forth lens group G4 is moved to correct the 
variation in the position of the image plane caused by the 
movement of the second lens group G2, and also is moved to 
the object side when focusing at a short distance. 

Fig. 2 is an illustration showing a lens configuration 
of a zoom lens according to a first embodiment of the 
present invention. The first lens group Gl includes 
cemented lenses Lll of a meniscus negative lens with a 
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convex thereof facing the object side and a positive lens 
with a convex thereof facing the object side, a positive 
lens L12 with a convex thereof facing the object side, and a 
positive lens L13 with a convex thereof facing the object 
side. The second lens group G2 includes a meniscus negative 
lens L21 with a concave thereof facing the image side, a 
biconcave negative lens L22, and cemented lenses L23 of a 
biconvex lens and a biconcave lens. The third lens group G3 
includes cemented negative lenses L31 of a biconcave lens 
and a positive lens with a convex thereof facing the object 
side, cemented lenses L32 of a biconvex lens with an 
aspherical surface at the object side and a negative lens 
with a concave thereof facing the object side, and a 
positive lens L33 with a convex thereof facing the image 
side. The fourth lens group G4 includes a positive lens L41 
with an aspherical convex thereof facing the object side, 
and cemented lenses L42 of a negative lens with a concave 
thereof facing the image side and a positive lens with a 
convex thereof facing the object side. 

In the zoom lens 1 according to the first embodiment, 
the cemented negative lenses L31 serve as the negative sub- 
lens group, and the cemented lens L32 and the positive lens 
L33 serve as the positive sub-lens group, the lenses being 
disposed in the third lens group G3. 

In addition, an aperture stop S, which is fixed along 
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the optical axis, is disposed near the object side of the 
third lens group G3, and a color separation prism PP, which 
is fixed along the optical axis, is disposed at the image 
side of the fourth lens group G4 . 

Table 1 shows specifications of Numeric Example 1 in 
which specific numerical values are applied to the first 
embodiment. In Table 1 and the following specification 
tables, Surface Number represents an i-th surface counted 
from the object side, Curvature Radius represents a 
curvature radius of the i-th surface, Surface Distance 
represents an on-axis distance between the i-th surface and 
an i+l-th surface, Refractive Index represents a refractive 
index relative to the d-line (X = 587.6 nm) of a glass 
member having the i-th surface at the object side, and Abbe 
Number represents an Abbe number relative to the d-line of 
the glass member having the i-th surface at the object side. 
Note that the curvature radius 0 means a plane, and the 
surface distance Di means that the on-axis distance between 
the i-th surface and the i+l-th surface is variable. 
[Table 1] 



rface 
mber 


Curvature 
Radius 


1 : 


39.2166 


2: 


16. 7662 


3: 


-65. 2680 


4: 


14.0159 


5: 


53. 5272 


6: 


8. 9488 


7: 


21 . 2457 


8: 


14.2665 


9: 


1.9759 


10: 


-9. 6223 


11 : 


16. 5840 


12: 


3. 2143 


13: 


-3. 4351 


14: 


7. 0292 


15: 


0. 0000 


16: 


-6. 4419 


17: 


6. 1177 


18: 


-28. 9059 


19: 


22. 9615 


20: 


-2. 3573 


21: 


-9. 1346 


22: 


-682. 9045 


23: 


-3. 3001 


24: 


5. 6392 


25: 


59. 9742 


26: 


8. 3984 


27: 


3. 6547 


28: 


48. 9503 


29: 


0. 0000 


30: 


0. 0000 
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Surface Refractive 
Distance Index 

0.490 1.80518 

1.224 1.49700 
0.049 

0.805 1.60300 
0.049 

0.869 1.45600 
(D7) 

0.171 1.77250 
1.060 

0.147 1.88300 
0. 049 

1.204 1.75520 

0.147 1.88300 
(D14) 
1.258 

0.147 1.77520 

0.490 1.92286 
0.147 

1.224 1.58913 

0.208 1.88300 
0.073 

1.322 1.49700 
(D23) 

1.224 1.69350 
0.132 

0.147 1.80518 

1.664 1.48749 
(D28) 

3.806 1.51680 
<Bf) 
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Abbe 
Number 

25.4 
81.6 

65.5 

90.3 

49.6 

40.8 

27.5 
40.8 

(Aperture Stop) 

27.5 
18.9 

61.3 
40.8 

81.6 

53.3 

25.4 
70.4 

64.2 



In the zoom lens 1 according to the first embodiment, 
along with the variation in the positional state of the 
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lenses from the wide-angle-end state to the telephoto-end 
state, a surface distance D7 between the first lens group Gl 
and the second lens group G2, a surface distance D14 between 
the second lens group G2 and the aperture stop S, a surface 
distance D23 between the third lens group G3 and the fourth 
lens group G4, and a surface distance D28 between the fourth 
lens group G4 and the color separation prism PP are varied. 
Now, Table 2 shows values of the surface distances in the 
wide-angle-end state, in the midpoint-focus state which is 
between the wide-angle-end state and the telephoto-end state, 
and in the telephoto-end state according to Numerical 
Example 1, together with each focal length f, F-number Fno . , 
and angle of view 2co. 
[Table 2] 



f 


1.000- 


9. 430 


~ 21.047 


FNO 


1.65 ~ 


2.19 


- 2.88 


2 (t) 


60. 34 - 


6.70 


~ 3.00° 


D7 


0.184 


8.319 


9.636 


D14 


10. 033 


1.898 


0.581 


D23 


1.850 


0.755 


1.958 


028 


0. 437 


1.532 


0.329 


Bf 


0. 566 


0. 566 


0.566 



In the zoom lens 1 according to the first embodiment, 
lens surfaces of a 19th surface and a 24th surface are 
aspherical. Now, Table 3 shows aspherical coefficients A, B, 
C, and D at 4th, 6th, 8th, and 10th orders of the above- 
described surfaces according to Numerical Example 1, 
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together with each conic constant k. Note that in Table 3 
and the following tables showing the aspherical coefficients, 
"E-i" represents an exponent based on 10, namely, represents 
"10-i". For instance, "0 . 12345E-05" represents "0.12345 x 
10- 5 " . 
[Table 3] 

19th Surface /c=-2.0O00OO A=-0. 347142E-02 B=-0. 447320E-O3 

C= 0. 545089E-04 D=-0. 255876E-04 
24th Surface K =H). 540914 A=-0. 3601 75E-03 B=-0. 558377E-05 

C=-0. 1 85402E-06 D= 0. 31 6210E-06 

Table 4 shows values corresponding to the conditional 
expressions according to Numerical Example 1. 
[Table 4] 

f 3 n =-17. 671 
f 1 =14.045 
f 2 =-2. 195 

(1) Da/TL = 0. 4 7 1 

(2) | f 3n |/f w= 17. 6 7 1 

( 3 ) f 1/ (fw f t) l/2 =3. 0 6 1 

( 4 ) | f 2 | / ( f w • f t ) l/2 = 0 . 4 7 9 

Figs. 3 to 5 are aberration diagrams while an object at 
infinity is in focus according to Numerical Example 1, in 
which Fig. 3 shows an aberration diagram in the wide-angle- 
end state (f = 1.000), Fig. 4 shows an aberration diagram in 
the midpoint-focus state (f = 9.430), and Fig. 5 shows an 
aberration diagram in the telephoto-end state (f = 21.047). 
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In each of the aberration diagrams of Figs. 3 to 5, a 
solid line in a spherical aberration diagram shows the 
spherical aberration; and a solid line in an astigmatism 
diagram shows a sagittal image plane and a broken line shows 
a meridional image plane. In coma diagrams, each A shows an 
angle of view and y shows an image height. 

As shown in Table 4 and the aberration diagrams, it is 
obvious that Numerical Example 1 satisfies the conditional 
expressions (1) to (4), the aberrations are reliably 
corrected, and excellent focusing performance is provided. 

Fig. 6 is an illustration showing a lens configuration 
of a zoom lens according to a second embodiment of the 
present invention. The first lens group Gl includes the 
cemented lenses Lll of the meniscus negative lens with the 
convex thereof facing the object side and the positive lens 
with the convex thereof facing the object side, the positive 
lens L12 with the convex thereof facing the object side, and 
the positive lens L13 with the convex thereof facing the 
object side. The second lens group G2 includes the meniscus 
negative lens L21 with the concave thereof facing the image 
side, the biconcave negative lens L22, and the cemented 
lenses L23 of the biconvex lens and the biconcave lens. The 
third lens group G3 includes the cemented negative lenses 
L31 of the biconcave lens and the positive lens with the 
convex thereof facing the object side, the cemented lenses 
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L32 of the biconvex lens with the aspherical surface at the 
object side and the negative lens with the concave thereof 
facing the object side, and the positive lens L33 with the 
convex thereof facing the image side. The fourth lens group 
G4 includes the positive lens L41 with the aspherical convex 
thereof facing the object side, and the cemented lenses L42 
of the negative lens with the concave thereof facing the 
image side and the positive lens with the convex thereof 
facing the. object side. 

In the zoom lens 2 according to the second embodiment, 
the cemented negative lenses L31 serve as the negative sub- 
lens group, and the cemented lenses L32 and the positive 
lens L33 serve as the positive sub-lens group, the lenses 
being disposed in the third lens group G3 . 

In addition, an aperture stop S, which is fixed along 
the optical axis, is disposed close to the object side of 
the third lens group G3, and the color separation prism PP, 
which is fixed along the optical axis, is disposed at the 
image side of the fourth lens group G4 . 

Table 5 shows specifications of Numeric Example 2 in 
which specific numerical values are applied to the second 
embodiment . 
[Table 5] 
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urface 
umber 


Curvature 
Radius 


Surface 
Distance 


Refractive 
Index 


Abbe 
Number 


1 : 


26. 2087 


0. 490 


1.84666 


23.8 


2: 


14. 7706 


1.469 


1.49700 


81.6 


3: 


-114.5260 


0. 049 






4: 


12. 5245 


0.876 


1.49700 


81.6 


5: 


54. 2087 


0.049 






6: 


8. 8958 


0. 837 


1.49700 


81.6 


7: 


20. 8989 


(07) 






8: 


18.3065 


0.171 


1.75500 


52.3 


9: 


1.9052 


0. 938 






10: 


-11.0709 


0. 147 


1.88300 


40.8 


11 : 


8. 8367 


0.049 






12: 


3.2037 


1.178 


1.75520 


27.5 


13: 


-3. 1296 


0.147 


1 . 88300 


40.8 


14: 


10.0915 


(D14) 






15: 


0.0000 


1.263 




(Aperture Stop) 


16: 


-4. 2208 


0.147 


1.75520 


27.5 


17: 


7. 7645 


0.495 


1.92286 


18.9 


18: 


-9. 9555 


0.147 






19: 


12. 1878 


1.202 


1.58913 


61.3 


20: 


-2. 6827 


0.208 


1.80100 


35.0 


21: 


-11.7616 


0.073 






22: 


143. 7374 


1.155 


1.49700 


81.6 


23: 


-4. 0930 


(023) 






24: 


6. 3850 


1.224 


1.69350 


53.3 


25: 


82. 9604 


0.122 






26: 


6. 0637 


0.147 


1.84666 


23.8 


27: 


3.3544 


1.102 


1.48749 


70.4 


28: 


48. 9615 


(D28) 






29: 


0. 0000 


3.807 


1.51680 


64.2 


30: 


0. 0000 


(Bf) 







In the zoom lens 2 according to the second embodiment, 
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along with the variation in the positional state of the 
lenses from the wide-angle-end state to the telephoto-end 
state, a surface distance D7 between the first lens group Gl 
and the second lens group G2 , a surface distance D14 between 
the second lens group G2 and the aperture stop S, a surface 
distance D23 between the third lens group G3 and the fourth 
lens group G4, and a surface distance D28 between the fourth 
lens group G4 and the color separation prism PP are varied. 
Now, Table 6 shows values of the surface distances in the 
wide-angle-end state, in the midpoint-focus state which is 
between the wide-angle-end state and the telephoto-end state, 
and in the telephoto-end state according to Numerical 
Example 2, together with each focal length f, F-number Fno . , 
and angle of view 2a>. 
[Table 6] 



f 


1.000 


~ 8.860 


~ 21.057 


FNO 


1.65 


~ 2.18 


~ 2.88 


2 CO 


60. 31 


~ 7.14 


~ 2.99° 


D7 


0.184 


7. 703 


9.029 


D14 


9.457 


1.938 


0. 612 


D23 


1.686 


0.700 


2. 017 


D28 


0. 586 


1.572 


0. 255 


Bf 


0. 567 


0. 567 


0. 567 



In the zoom lens 2 according to the second embodiment, 
the lens surfaces of the 19th surface and the 24th surface 
are aspherical. Now, Table 7 shows aspherical coefficients 
A, B, C, and D at 4th, 6th, 8th, and 10th orders of the 
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above-described surfaces according to Numerical Example 2, 
together with each conic constant k. 
[Table 7] 

19th Surface K =-0. 160601 A=-0. 218930E-02 B=-0. 985084E-04 

0= 0. 1 45786E-04 D=~0. 21 5771 E-05 
24th Surface k =-0.658853 A=-0. 457647E-03 B=-0. 105701 E-04 

C= 0. 624990E-05 D=-0. 587955E-06 

Table 8 shows values corresponding to the conditional 

expressions according to Numerical Example 2. 

[Table 8] 
f 3 n =-16.899 
f 1 =13.316 
f 2 =-2. 122 

(1 ) Da/TL = 0, 4 6 5 

(2) | f 3 n | /fw=1 6. 8 99 

(3) M/(fwft) l/2 =2. 902 

(4) |f2|/(fwft) l/2 =0. 46 2 

Figs. 7 to 9 are aberration diagrams while an object at 
infinity is in focus according to Numerical Example 2, in 
which Fig. 7 shows an aberration diagram in the wide-angle- 
end state (f = 1.000), Fig. 8 shows an aberration diagram in 
the midpoint-focus state (f = 8.860), and Fig. 9 shows an 
aberration diagram in the telephoto-end state (f = 21.057). 

In each of the aberration diagrams of Figs. 7 to 9, a 
solid line in a spherical aberration diagram shows the 
spherical aberration; and a solid line in an astigmatism 
diagram shows the sagittal image plane and a broken line 
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shows the meridional image plane. In coma diagrams, each A 
shows an angle of view and y shows an image height. 

As shown in Table 8 and the aberration diagrams, it is 
obvious that Numerical Example 2 satisfies the conditional 
expressions (1) to (4), the aberrations are reliably 
corrected, and excellent focusing performance is provided. 

Fig. 10 is an illustration showing a lens configuration 
of a zoom lens according to a third embodiment of the 
present invention. The first lens group Gl includes the 
cemented lenses Lll of the meniscus negative lens with the 
convex thereof facing the object side and the positive lens 
with the convex thereof facing the object side, the positive 
lens L12 with the convex thereof facing the object side, and 
the positive lens L13 with the convex thereof facing the 
object side. The second lens group G2 includes the meniscus 
negative lens L21 with the concave thereof facing the image 
side, the biconcave negative lens L22, and the cemented 
lenses L23 of the biconvex lens and the biconcave lens. The 
third lens group G3 includes the cemented negative lenses 
L31 of the biconcave lens and the positive lens with the 
convex thereof facing the object side, the cemented lenses 
L32 of the biconvex lens with the aspherical surface at the 
object side and the negative lens with the concave thereof 
facing the object side, and the positive lens L33 with the 
convex thereof facing the image side. The fourth lens group 
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G4 includes the positive lens L41 with the aspherical convex 
thereof facing the object side, and the cemented lenses L42 
of the negative lens with the concave thereof facing the 
image side and the positive lens with the convex thereof 
facing the object side. 

In the zoom lens 3 according to the third embodiment, 
the cemented negative lenses L31 serve as the negative sub- 
lens group, and the cemented lenses L32 and the positive 
lens L33 serve as the positive sub-lens group, the lenses 
being disposed in the third lens group G3 . 

In addition, the aperture stop S, which is fixed along 
the optical axis, is disposed near the object side of the 
third lens group G3, and the color separation prism PP, 
which is fixed along the optical axis, is disposed at the 
image side of the fourth lens group G4 . 

Table 9 shows specifications of Numeric Example 3 in 
which specific numerical values are applied to the third 
embodiment . 
[Table 9] 
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Surface Curvature Surface Refractive Abbe 
Number Radius Distance Index Number 



1 


24. 3809 


0. 502 


1 . 84666 


23. 8 


2 


13.9540 


1. 532 


1.45600 


90. 3 


3 


: -214.7871 


0.050 






4 


: 13.1105 


0. 831 


1 . 60300 


65.5 


5 


46. 9098 


0.050 






6 


: 9. 4060 


0.871 


1 . 49700 


81.6 


7 


23. 81 1 3 


(D7) 






8 


15.8186 


0. 176 


1.83481 


43.0 


9 


1 . 9593 


1. 095 






10 


: -8. 0108 


0. 151 


1.88300 


40. 8 


11 


: 25.7611 


0. 050 






12 


3.4385 


0. 814 


1.80809 


22.8 


13 


-8. 9759 


0. 151 


1.88300 


40.8 


14 


6. 3992 


(D14) 






15 


0. 0000 


0. 628 




(Aperture Stop) 


16 


-5.9219 


0. 151 


1 . 74950 


35.3 


17 


4. 7066 


0. 548 


1 . 84666 


23. 8 


18 


-19.4034 


0. 151 






19 


15. 6193 


1.228 


1.58913 


61.3 


20 


-2. 1337 


0. 213 


1.88300 


40.8 


21 


-7. 7932 


0. 085 






22 


-21.9672 


1.221 


1.49700 


81.6 


23 


-3.0471 


(D23) 






24 


5. 2667 


1.253 


1.58913 


61.3 


25 


179.9768 


0. 126 






26 


5.4066 


0.151 


1.84666 


23.8 


27: 


3.0843 


1.030 


1.48749 


70.4 


28: 


12. 1193 


(D28) 






29: 


0.0000 


3. 905 


1.51680 


64.2 


30: 


0. 0000 


(Bf) 







In the zoom lens 3 according to the first embodiment, 
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along with the variation in the positional state of the 
lenses from the wide-angle-end state to the telephoto-end 
state, a surface distance D7 between the first lens group Gl 
and the second lens group G2 , a surface distance D14 between 
the second lens group G2 and the aperture stop S, a surface 
distance D23 between the third lens group G3 and the fourth 
lens group G4, and a surface distance D28 between the fourth 
lens group G4 and the color separation prism PP are varied. 
Now, Table 10 shows values of the surface distances in the 
wide-angle-end state, in the midpoint-focus state which is 
between the wide-angle-end state and the telephoto-end state, 
and in the telephoto-end state according to Numerical 
Example 3, together with each focal length f, F-number Fno., 
and angle of view 2co. 
[Table 10] 



f 




1.000 ~ 


9. 196 ~ 


21.061 


Fl 


NO 


1.65 ~ 


2.18 ~ 


2.88 


2 oj 


60. 31 ~ 


7.14 ~ 


2. 99* 




D7 


0.188 


7.970 


9. 308 




D14 


9. 932 


2.150 


0. 812 




D23 


1.779 


0. 733 


2.054 




D28 


0. 535 


1.581 


0.260 




8f 


0.583 


0. 583 


0. 583 



In the zoom lens 3 according to the third embodiment, 
lens surfaces of the 19th surface and the 24th surface are 
aspherical. Now, Table 11 shows aspherical coefficients A, 
B, C, and D at 4th, 6th, 8th, and 10th orders of the above- 
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described surfaces according to Numerical Example 3, 
together with each conic constant k. 
[Table 11] 

19th Surface K ^ 0 535226 A=-0. 367375E-G2 B^-0. 34O086E-O3 

C= 0. 100074E-04 D=-0. 234761 E-04 
24th Surface K =-0.317306 A=-0. 53921 4E-03 B=-0. 300931 E-04 

C= 0. 532791 E-05 D= 0. 1 1 81 75E-06 

Table 12 shows values corresponding to the conditional 

expressions according to Numerical Example 3. 

[Table 12] 
f 3 n =-16.607 
f 1 =13.591 
f 2 =-2. 163 

( 1 ) D a/T L~ O. 4 5 3 

(2) | f 3n |/f w-1 6. 607 

(3) f 1/ ( f w - f t ) l/2 =2. 9 6 1 

(4) | f 2| / (fw ft) l/2 ~ 0 . 4 7 1 

Figs. 11 to 13 are aberration diagrams while an object 
at infinity is in focus according to Numerical Example 3, in 
which Fig. 11 shows an aberration diagram in the wide-angle- 
end state (f = 1.000), Fig. 12 shows an aberration diagram 
in the midpoint-focus state (f = 9.196) , and Fig. 13 shows 
an aberration diagram in the telephoto-end state (f = 
21.061) . 

In each of the aberration diagrams of Figs. 11 to 13, a 
solid line in a spherical aberration diagram shows the 
spherical aberration; and a solid line in an astigmatism 
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diagram shows the sagittal image plane and a broken line 
shows the meridional image plane. In coma diagrams, each A 
shows an angle of view and y shows an image height. 

As shown in Table 12 and the aberration diagrams, it is 
obvious that Numerical Example 3 satisfies the conditional 
expressions (1) to (4), the aberrations are reliably 
corrected, and excellent focusing performance is provided. 
Fig. 14 shows an embodiment of an imaging apparatus 
according to the present invention. 

An imaging apparatus 10 includes a zoom lens 20, and an 
imager 30 for converting an optical image formed by using 
the zoom lens 20 into electric signals. For example, the 
imager 30 may employ a photoelectric converter such as a CCD 
(Charge Coupled Device) or CMOS (Complementary Metal-Oxide 
Semiconductor) . The zoom lens 20 may be the one according 
to the present invention. Fig. 14 shows that each lens 
group in the zoom lens according to the first embodiment 
shown in Fig. 2 is illustrated as a single lens for 
simplification. It should be noted that the zoom lens 20 
may not be the one according to the first embodiment, and 
may be the one according to the second or third embodiment, 
or may be one having a configuration not based on the 
embodiments described in this specification. 

The electric signals formed by the imager 30 are a 
separated into signals for focus controlling and signals for 
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imaging by an image separation circuit 40, so that the 
signals for focus controlling are sent to a control circuit 
50, and the signals for imaging are sent to an image 
processing circuit. The signals sent to the image 
processing circuit are processed to be a form appropriate 
for the subsequent processing, and are used for various 
processing, for instance, to be displayed on a display unit, 
recorded on a recording medium, or transferred by a 
communication unit . 

For instance, operation signals sent from the outside, 
due to an operation with a zoom button or the like, are 
input to the control circuit 50, so that the control circuit 
50 exercises various processing in accordance with the 
operation signals. For instance, when a zooming command is 
input by the zoom button, a driver 70 is operated via a 
drive circuit 60 and the lens groups are moved to 
predetermined positions so as to provide a desirable focus 
length based on the command. Then position information of 
the lens groups obtained by sensors 80 is input to the 
control circuit 50, and is used when command signals are 
output to the drive circuit 60. In addition, the control 
circuit 50 checks a focus state based on the signals sent 
from the image separation circuit 40, and controls the focus 
state to be optimum. 

The imaging apparatus 10 may employ various forms of 
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specific products. For example, the imaging apparatus 10 
may be a camera part of a digital I/O apparatus, such as a 
digital still camera, digital video camera, mobile phone 
with a camera embedded, PDA (Personal Digital Assistant) 
with a camera embedded. 

Note that the specific shapes and numerical values 
shown in the embodiments and numerical examples are merely 
an example of implementation of the present invention, and 
the technical scope of the present invention should not be 
limited by the embodiments and numerical examples. 
Industrial Applicability 

The present invention provides the zoom lens that is 
appropriate for 3CCD imaging system, and achieves reduction 
in size of the lens system while providing the high variable 
magnification ratio. The zoom lens is applicable to a 
digital video camera or digital still camera. 



